The paper analyses the phenomenon of market concentration in the context of the most popular industrial organization approaches: the structure-conduct-performance (SCP) approach and the efficiency hypothesis (EH). The theory of market concentration evaluation is briefly presented, followed by an analysis of the main concentration indicators and their application in recent empirical research. The main problem in the practical application of the Herfindahl-Hirschman index (HHI) -the necessity to incorporate the market shares of all the enterprises in the market -is further addressed and the issue of calculating the minimum value of the HHI is analysed from the theoretical point of view and by modelling hypothetical markets.
Scholars of economics (e.g. Israel M. Kirzner 1963; Milton M. Shapiro 1985; Ludwig von Mises 1996 , 1998 associate highly concentrated markets with a potential threat of cartels or other agreements on the coordination of actions and consumerinefficient equilibrium even in the case of fair competition. The issue of quantitative evaluation of market concentration is important both for scientists implementing empirical research on the relationship between market structure and enterprise performance and for government authorities for the purpose of antitrust market regulation.
The modern scientific literature on the subject offers dozens of indicators measuring market concentration; however, none of them is considered to be perfect (Romualdas Stasys Čirba 2007, 2009 ). The concentration ratio (CR) and Herfindahl-Hirschman index (HHI) have become the most popular indicators for measuring market concentration in empirical research due to the simplicity of their calculation. However, the latter indicator requires the market shares (or sales volumes) of all the companies in the market to be known, which is its main difficulty in practical application.
The problem of this paper is the application of the Herfindahl-Hirschman index in empirical research incorporating the data of the largest companies in the market or industry only. The aim of the research is to analyse theoretically and practical-
Measuring Market Concentration: Theory and Practice
It is not common in recent empirical research for the market concentration to become the ultimate indicator to which research is devoted (e.g. Jonas Čepinskis and Kristina Gancevskaitė 2008; Ginevičius and Algirdas Krivka 2009; Silvia Marginean and Ramona Toma 2011) ; rather, in the framework of industrial organization, concentration is considered to be the quantitative indicator characterizing the market structure in research following the structure-conduct-performance (SCP) approach (Joe S. Bain 1956 Bain , 1959 or the efficiency hypothesis (EH) (Harold Demsetz 1973; Sam Peltzman 1977) approach.
Under the SCP (in its original form), market concentration is an exogenous variable of market structure, which indirectly, through enterprise conduct (possible collusive behaviour), affects the industry performance measured by the level of output, profitability, or other kinds of indicators (Vilma Deltuvaitė and Vilda Gižienė 2007; Čepinskis and Gancevskaitė 2008; Valdonė Darškuvienė and Jonė Šakalytė 2009; Marginean and Toma 2011; Thao N. Nguyen and Chris Stewart 2013) . Such an approach provides theoretical grounds for antitrust regulation aimed at controlling mergers and acquisitions to limit the market shares of the largest or dominant companies.
Alternatively, the efficiency hypothesis approach suggests that a positive relationship between concentration and profitability does not necessarily reflect collusive behaviour by several firms; rather, it shows that larger firms earn higher profits by performing efficiently. In such a case, governmental intervention is inappropriate, since it might impose penalties on efficient firms and discourage the proper functioning of the market mechanism (Čepinskis and Gancevskaitė 2008; Nguyen and Stewart 2013) . In EH-based models market concentration is considered to be an endogenous variable -because the market share of the company depends on its performance -as is the concentration of the whole market (Deltuvaitė and Gižienė 2007) .
The concentration measurement is based on the concept of the concentration curve Čirba 2007, 2009 ), drawn in a two-dimensional system of coordinates, in which the abscissa carries the number of market players in descending order of their magnitudes while the ordinate is marked with the cumulative weighted players' market shares. The concentration indicators, based on this concept, are discrete or cumulative: the former evaluate only the number of concentration curve points, while the latter take account of them all (Ginevičius and Čirba 2007; Ginevičius, Vladislavas Petraškevičius, and Jolita Šimkūnaitė 2010) . Table 1 provides a brief overview of the empirical application of concentration indicators in a number of recent studies. Source: See column "Sources".
According to Table 1 , the concentration ratio (CR) and Herfindahl-Hirschman index (HHI) are the most widely applied concentration indicators. One might argue that a more extended study is required for such kinds of conclusions, but it would hardly change the general tendencies of the latter indicators' popularity.
The concentration ratio, indicating the total (cumulative) market share of the M largest enterprises in the market, is calculated using the formula (Ginevičius and Čirba 2007; Ginevičius and Krivka 2009; Ginevičius, Petraškevičius, and Šimkūnaitė 2010) :
where i d -the market share of the i-th enterprise; M -the number of enterprises analysed.
Usually the value of parameter M is less than the total number of enterprises in the market ( N M  ); thus, the concentration ratio is considered to be a discrete concentration indicator (Ginevičius, Petraškevičius, and Šimkūnaitė 2010) . However, from the point of view of the weighting scheme, it could be assumed that the attribute carriers from 1 to M are weighted with 1 while those starting from 1  M obtain the weights of 0 ( The values of the HHI are in the range from 0 (perfect competition in which the market shares of all the enterprises are close to 0) and 1 (pure monopoly). According to the antitrust regulation by the US Department of Justice, a market is considered to be competitive when (Deltuvaitė and Gižienė 2007; Hays, DeLurgio, and Gilbert Jr. 2009 ). The HHI is a cumulative concentration indicator using the market shares of the enterprises as their weights, thus being the sum of the squared attribute values. This implies that larger enterprises gain an even bigger proportion of the value of the HHI, which has been criticized from the concentration curve perspective Čirba 2007, 2009 ); however, the HHI results in a higher value in the case of unequal market shares' distribution, which indirectly reflects the existence of market leaders and dominant players and thus a less competitive environment. The practical application of the HHI is limited because of insufficient availability of statistical data (the market shares of all the enterprises acting in the market are required), which is a common problem in empirical research.
Other concentration indicators, including entropy (Ann Horowitz and Ira Horowitz 1968), the exponential index (Peter K. Hani 1987), the Rosenbluth index (Gideon Rosenbluth 1961) , and the Gini index (Corrado Gini 1936) , are applied on an irregular basis only. However, the theoretical evidence from Čirba (2007, 2009) indicates the drawbacks of all the well-known concentration measures; for example, all of them (perhaps with the exception of the Rosenbluth index) either ignore or pay little attention to the number of attribute carriers, which is one of the main free-market characteristics. The authors suggest their own GIS and GRS indicators, which have the smallest difference between the actual attribute carriers' weights and those used in the formula of the indicator.
Summarizing the brief study of the concentration measurement theory and practice, it has been determined that the concentration ratio and HerfindahlHirschman index are the most popular concentration indicators in empirical research, despite having their own drawbacks and limitations. The main problem of the empirical application of the HHI is the necessity to incorporate the market shares of all the enterprises in the market, which is even more complicated when analysing a number of markets or industries, the dynamics of concentration during a long period of time, or industries containing thousands of enterprises. As a possible solution to this problem, the next sections of the paper analyse the issue of calculating the minimum value of the HHI in empirical research, supported with calculations and a modelling technique.
Minimum Herfindahl-Hirschman Index
The further analysis starts by highlighting the features of the Herfindahl-Hirschman index, which for some may seem to be well-known or easy to understand intuitively. Given the number N of enterprises in the market, the HHI has the minimum value when all the enterprises have equal market shares. This statement is supported by the calculations. 
Now we can simplify Formula (3) to obtain the equation:
which has to fulfil the following conditions: Table 2 to clarify the theoretical analysis implemented: the market shares of all the players are equal in the first market, while in the other three markets they are not. The value of the HHI grows from 0.25 in market 1 to 0.52 in market 4, as the deviation of individual market shares increases from the average. If all N enterprises in the market have equal market shares, then the HHI would be minimized (for a number of enterprises N), and its formula would be:
One can easily determine that the sum of all the enterprises' market shares is equal to 1 ( 1
thus, the minimum HHI can be written in a simpler form as
However, Formula (6) is more important for us to take into account in the further analysis.
Continuing with the theoretical analysis, assume that there is a market of nine enterprises, in which the market shares of the four largest players are known (Table  3) : As the market shares of the fifth to ninth enterprises are not available, the HHI cannot be calculated. However, the following at least could be stated:
(a) the value of the HHI would be at least 0.3 2 + 0.25 2 + 0.2 2 + 0.15 2 = 0.215; (b) the value of the indicator would definitely exceed 0.215, because the squared market shares of the remaining five enterprises would be added. We do not know the exact contribution of the smaller enterprises to the value of the HHI, but it would be at least the sum of their squared market shares with the assumption that they are equal.
In this case the remaining five enterprises together control the market share of . Therefore, in the analysed market, in which the market shares of the four largest enterprises only are known, the minimum value of the HHI would be 0.217. To clarify the analysis implemented, a number of possible scenarios of market shares' distribution in this market are presented in Table  4 . The value of the HHI grows from Scenario 1 to Scenario 4 as the deviation of the market shares of the remaining five enterprises increases from their average of 0.02.
With regard to the theoretical analysis and scenario modelling implemented, it can be presumed that, for a market in which the market shares of the several largest enterprises are known, the minimum value of the HHI could be calculated, composed of two components (summands):
(i) The sum of the squared market shares of the enterprises, of which the actual market shares are available to the researcher. This summand itself represents the discrete indicator, the value of which depends on the total market share of the enterprises in question as well as the distribution of their individual market shares (thus having certain features that may seem common to both the M CR and the HHI).
(ii) The sum of the squared average market shares of the remaining players for which the actual market shares are not available. This summand represents the minimum contribution of the remaining enterprises (of which the market shares are unknown) to the value of the HHI.
By dividing the set of N enterprises in the market into two intervals as written earlier, we obtain the following HHI formula: ; 1   is the second interval for which the market shares are unknown but assumed to be equal.
From Formulas (6) and (7), we can draw the formula of the minimum HHI: 
That is also supported by the minimum value of the HHI obtained in Formula (6), as what is valid for N enterprises (the whole market) is also valid for the number of enterprises M N  (the second interval). In the author's opinion, the minimum Herfindahl-Hirschman index (minHHI M ) should be applied to concentrated markets only: calculated on the basis of the market shares of the largest enterprises, it would not diverge significantly from the actual value of the HHI, since the strongest impact on its value comes from the largest players while the sales volumes of smaller enterprises would not significantly affect its value. To support this statement, the modelling of hypothetical markets is implemented in Section 3 of the paper.
The application of the minimum Herfindahl-Hirschman index is based on practical grounds -it would allow the measurement of concentration and uneven distribution of market shares accurately enough while accounting for the sales volumes of the largest companies only. More arguments in favour of the indicator follow:
(1) The relationship between the HHI and the The implemented modelling supports the idea that the impact of the ten remaining smaller enterprises on the value of the HHI is insignificant in the case that the largest of the remaining enterprises (4-13) in fact controls up to 5 per cent of the market. In that case the relative deviation between the values of 3 min HHI and HHI is less than 1 per cent; thus, the 3 min HHI seems to be accurate enough and could be treated as an easy empirical application measure of concentration. In the modelled markets, in the case that the largest of the remaining enterprises has a market share of 10 per cent, the relative deviation is in the range of 4-6 per cent; thus, possible errors should be taken into account.
Another modelling scenario is applied in Table 6 , in which the main assumptions are the same (three large oligopolic enterprises of which the total market share varies from 60 to 90 per cent, plus ten smaller enterprises), except for the market shares in the second interval -in this case they are absolutely random. To obtain random numbers, the function RANDBETWEEN of MS Excel was applied to the interval from 1 to 100; then the numbers obtained were normalized with respect to the total market share of the remaining enterprises in each market. The modelling based on random numbers also supports the idea of insignificant deviations between the values of 3 min HHI and HHI in concentrated markets. Particularly, in the case that the companies with available market shares total from 80 to 90 per cent, the relative deviation is just under 1 per cent; for the total market share of the first-interval companies of 70 per cent, the relative deviation is between 1 and 2 per cent. Only in the case of a 60 per cent market share controlled by the largest companies do we obtain a deviation between the values of 3 min HHI and HHI in the range of 2-6 per cent, which may indicate some limitations in the results of the empirical research.
Furthermore, for the analysis based on random numbers not to seem accidental, we extend it to 100 tries for each amount of the total market share of the largest companies (60, 70, 80, and 90 per cent) , keeping the rest of the modelling assumptions the same as in Table 6 , and calculate the average relative deviation between the values of 3 min HHI and HHI, coupled by the distribution of the deviation values among three intervals: under 1 per cent, between 1 and 2 per cent, and more than 2 per cent (Table 7) . The results of the extended modelling based on random numbers in general support the opinion that the minHHI M is applicable to concentrated markets, for its value deviates insignificantly from the actual value of the HHI in the case that the total market share controlled by the largest companies is between 70 and 90 per cent. However, larger deviation is expected in less concentrated markets with less than a 70 per cent market share of the total oligopolic enterprises.
Conclusions
Concentration has become one of the main measures quantitatively characterizing the market structure in recent empirical research in the context of the most popular industrial organization approaches: the structure-conduct-performance approach and the efficiency hypothesis. A number of concentration indicators, based on the concept of the concentration curve, are proposed in theoretical sources on the subject; however, the concentration ratio and Herfindahl-Hirschman index are the most widely applied in empirical research, which was supported by the brief overview of recent empirical studies provided in this paper.
The main problem of the practical application of the HHI is the necessity to incorporate the market shares of all the enterprises in the market. As an alternative, the minimum Herfindahl-Hirschman index, calculated by splitting the set of enterprises in the market into two intervals -one containing the largest companies of which the market shares are available for research and the other one containing the remaining enterprises with unknown market shares that are assumed to be equalwas analysed in the paper from both the theoretical and the practical point of view, modelling different scenarios of market shares' distribution in hypothetical markets.
It was determined that the minHHI M could be applied to concentrated markets only: calculated on the basis of the market shares of the largest enterprises, it would not significantly diverge from the actual values of the HHI, because the strongest impact on its value comes from the largest players while the sales volumes of the smaller enterprises would not significantly affect its value. However, possible differences between the values of minHHI M and the actual values of HHI should be considered by the researcher, especially in the case that one or more larger enterprises fall out of the first interval; that is, their market shares are unknown.
Though the minHHI M ignores the actual market shares of smaller enterprises, it has to be stressed that the indicator is sensitive to the total number of enterprises in the market -a growing number of the remaining (second-interval) enterprises decreases the value of the indicator, thus reflecting more competitive conditions in the market.
From the practical point of view, the minHHI M could supplement the analysis of concentration based on the concentration ratio only (in the case that the data are limited) and provide more information on the possibly uneven distribution of market shares between the largest enterprises and the overall market concentration without requiring any additional data on market shares or sales volumes to be collected.
